Some theories suggest that spontaneously activated, drug-related associations in memory may have a "freer reign" in predicting drug use among individuals with lower working memory capacity. This study evaluated this hypothesis among 145 at-risk youth attending continuation high schools (CHS). This is the 1st study to evaluate this type of dual-process interaction in the prediction of drug use among a sample of at-risk adolescents. The CHS students completed assessments of drug-related memory associations, working memory capacity, and drug use. Control variables included age, gender, ethnicity, and acculturation. Robust multiple regression using least trimmed squares estimation indicated that there was a significant linear by linear interaction between working memory capacity (assessed with the self-ordered pointing task) and drug-related associations (assessed with verb generation and cue-behavior association tasks) in the prediction of alcohol and cigarette use. Consistent with dual-process cognitive theories, drug-related associations in memory predicted drug use more strongly in students with lower levels of working memory capacity. These findings add to the literature implicating the influence of dual cognitive processes in adolescent risk behaviors.
memory, and decision making (Wiers & Stacy, 2006b ). Several well-researched assessment strategies for automatic processes have shown predictive validity in studies of addictive behaviors across a range of populations and for a number of drugs of abuse (for reviews, see McCusker, 2001; Wiers & Stacy, 2006a) . These methods include assessments of spontaneous memory associations, used in the present study, as well as a range of reaction time methods used in other research.
In some recent dual-process models, spontaneous and executive processes may interact. One specific model of executive functioning that is relevant to this interplay is the executive attention view of working memory capacity (WMC), proposed by Engle, Kane, and colleagues (e.g., Engle, 2002) , which has construct validity support across psychometric and neural domains (for review, see Kane & Engle, 2002) . In this model, working memory maintains information (e.g., goals and behavioral options) in an active state, especially in the presence of interference. Individual differences in WMC are associated with a range of complex cognitive tasks such as reading comprehension and reasoning (Engle, 2002) and are likely to influence decisions about substance use. In a discussion of WMC and dual-process theories, Barrett, Tugade, and Engle (2004) suggested that the ability to control attentional resources (i.e., WMC) can moderate the effects of automatic cognitive processes. The automatic activation of associations by environmental cues occurs naturally among all persons, but those activated mental representations are more likely to influence behavior among individuals with lower WMC. For those higher in WMC, more topdown, goal-directed attentional resources are available to (a) suppress the influence of associative tendencies when they interfere with other active goal states, (b) maintain conflicting goals in active memory, (c) draw on more knowledge concerning potential short-versus long-term outcomes, and (d) apply one of several cognitive processing strategies to resolve the goal conflict (see also Stacy et al., 2004; Wiers & Stacy, 2006b) .
The primary aim of the current study was to examine the interplay of WMC and spontaneous drug-related memory associations in the prediction of substance use behaviors among adolescents at risk of substance use. Substance-related associations in memory are expected to predict substance use more strongly for those lower in WMC compared to those higher in WMC.
Method

Participants
Participants were recruited from four continuation high schools (CHS) in the Los Angeles area. CHS provide education for students who are unable to attend regular high schools for various reasons, including conduct problems and drug use. CHS students are at higher risk of substance abuse than regular high school students (Sussman, Stacy, Dent, & Simon, 1995) , which makes it important to understand drug-use behaviors among these students in order to design more effective interventions. After school administrators approved the study, all students in a convenience sample of classrooms were invited to participate. Students and their parents were informed that the study concerned health behaviors and that participants might be asked about unspecified health-related behaviors that might be illegal. Students and parents were also informed that all assenting/consenting participants would complete paper surveys and that 8 participants would be selected at random from each classroom to complete computer tasks. All participating students signed assent/consent forms, and the parents of students under the age of 18 provided consent according to procedures approved by the university institutional review board.
Of the 404 students invited to participate, 188 agreed to participate (150 did not return the assent/consent forms and 66 declined to participate). Of those consenting, a total of 155 students completed the questionnaires and computer-based WMC assessment. Five participants were excluded due to missing data, 2 were excluded due to faulty response sets in the drug-use measures, and 3 were excluded because they failed to follow instructions during the self-ordered pointing task (SOPT). The analytic data set included 145 participants. The mean age of the participants was 16.7 years (SD ϭ 0.74; see Table 1 ). Girls comprised 33.8% of the group, boys 66.2%, and 69.66% self-reported being Latino, with the other participants reporting as non-Latino White, African American, Asian, other, or mixed ethnicity. In the current sample, 68.28% of participants reported using alcohol and 37.24% reported using cigarettes in the 30 days prior to the survey. Illustrating the at-risk nature of this sample, national population data show much lower levels of use: 30.1% of 16-to 17-year-olds used alcohol and 20.6% used cigarettes in the past 30 days (Substance Abuse and Mental Health Services Administration [SAMHSA], 2006).
Measures
Self-ordered pointing task (SOPT).
A computer-based version of the SOPT (Peterson, Pihl, Higgins, & Lee, 2002) was used in the current study to assess WMC. The SOPT was developed by Petrides and Milner (1982) to measure higher level functioning among patients with frontal lobe injuries. Although originally developed to assess the executive abilities of organization and planning, optimal SOPT performance requires high levels of WMC (Petrides, Alivisatos, Evans, & Meyer, 1993; Ross, Hanouskova, Giarla, Calhoun, & Tucker, 2007; Strauss, Sherman, & Spreen, 2006) . Performance is associated with neural activity in the dorsolateral prefrontal cortex, the brain region believed to mediate controlled processing functions of working memory (Petrides et al., 1993) . SOPT error scores are significantly correlated with other measures of working memory including the Wechsler Adult Intelligence Scale (WAIS-III) Letter-Numbering Sequencing score (Ross et al., 2007) and the matrices subtest of the Wechsler Abbreviated Scale of Intelligence (WASI; Cragg & Nation, 2007) , and the SOPT is uncorrelated with other executive functions such as inhibition and set shifting as measured by the Stroop and Wisconsin Card Sorting Tests, respectively (Ross et al., 2007) . Test-retest reliability results were good for children across a 4-month interval (r ϭ .76; Archibald & Kerns, 1999) and for young adults across a 43-day interval (r icc ϭ .82; Ross et al., 2007) . Internal consistency results have been mixed, but good values have been observed for children and young adults (coefficient ␣ ϭ .88; Cragg & Nation, 2007) . The internal consistency among the participants in the current study was acceptable across the six trials (coefficient ␣ ϭ .72). The SOPT has been used successfully as a measure of working memory capacity across a wide range of topics and age groups including, for example, studies of cognitive development and aging (Cragg & Nation, 2007; Daigneault & Braun, 1993) , aggression in boys (Seguin, Nagin, Assaad, & Tremblay, 2004) , and development of prospective memory among children (Ward, Shum, McKinlay, BakerTweney, & Wallace, 2005) . A key advantage for using the SOPT in the present sample was the participants' ability to selfadminister the computer-based task.
1 Each participant completed a total of six trials. In each trial, participants were shown a series of 12 screens with the same 12 images, but the location of the images was changed randomly across the 12 screens. Participants were instructed to use the mouse to click on a different image on each of the 12 screens in each trial. Clicking on the same image on two different screens during a single trial was an error. The SOPT score consisted of the number of selections (6 trials ϫ 12 screens ϭ 72) minus the number of errors.
Drug-related associations in memory. Word association tasks assessed spontaneous, drug-related associations in memory. Several types of evidence indicate that word association is capable of measuring cognitive processes that are relatively spontaneous, automatic, or implicit (for review, see Stacy, Ames, & Grenard, 2006) : (a) Automatic priming occurs in word association among amnesic patients (e.g., Levy, Stark, & Squire, 2004) , (b) participants do not use deliberate retrieval processes during word association tasks (Mulligan, 1998, Experiment 2) , and (c) dissociations occur between deliberate retrieval tasks and word association, providing some evidence for a distinction in cognitive processes (e.g., Goshen-Gottstein & Kempinsky, 2001) . Further, word association priming occurs at the conceptual level, not just at the perceptual level (Zeelenberg, Pecher, Shiffrin, & Raaijmakers, 2003) . These studies suggest that word association is capable of measuring important aspects of spontaneous associative processing systems.
Three word association tasks were used in the current study: cue-behavior, outcome-behavior, and compound cue tasks. Participants read verbal cues typed on the pages of the questionnaire and then wrote their responses next to each of the cues (e.g., Stacy, 1997) . For the cue-behavior task, the participants were instructed to write the first word that came to mind. Cues included homographs (e.g., draft, tap) related to alcohol or other drugs and filler cues (e.g., neon, shed). In the outcome-behavior and the compound cue tasks, participants were instructed to write the first behavior that came to mind (verb generation). The cues for the outcome-behavior association task included phrases for positive outcomes of substance use (e.g., feeling relaxed, being sociable) and filler cues (e.g., showing respect). The compound cue task combined locations and outcome cues in a single phrase (e.g., friend's house-feeling good). Two independent judges coded each response (1 ϭ drug related or 0 ϭ not drug related), with the proportion of agreement being 98% to 99%. A composite score was created from the three tasks for each substance, with a higher score indicative of stronger drug-related associations.
Control variables. The covariates age, gender, ethnicity, school attended, and acculturation (Marin, Sabogal, Marin, OteroSabogal, & Perez-Stable, 1987) were measured as potential confounders of the relationship between the dependent variables and one or both of the independent variables of interest in the interaction. The dependent variables, alcohol and cigarette use, have been shown to be associated with all of the covariates, including age and gender (SAMHSA, 2006) , clustering of participants in schools (cf. Murray & Short, 1997) , ethnicity (SAMHSA, 2006) , and acculturation (e.g., Borges et al., 2006; Guilamo-Ramos, Jaccard, Johansson, & Tunisi, 2004) . The independent variables may also be associated with the covariates. WMC has been associated with age (Brown & Tapert, 2004) , and drug-related associations might have some small association with the other covariates. The Englishlanguage-based word association measure of drug-related associations may be influenced by behavior and language usage associated with cultural experiences that differ across ethnicities, levels of acculturation, and possibly across school-level microcultures (measured as school attended) related to drug use. Although previous studies have not found an association between drug-related associations and ethnicity or acculturation (e.g., Stacy, 1997; Stacy, Ames, Sussman, & Dent, 1996) , we have included these covariates and the school attended in the current models as a precaution.
Frequency of drug use. Self-reports of the frequency of drug use for two time periods were collected for alcohol and cigarettes (for reliability and validity, see Graham et al., 1984; Stacy, 1997) . Students were asked how many times they had used each drug in their lifetime and in the past 30 days, and they responded on an 11-point rating scale that ranged from never used to 91-100ϩ times. Frequency of drug use indexes were created by summing the two frequency responses for alcohol (coefficient ␣ ϭ .60) and cigarettes (coefficient ␣ ϭ .83).
Procedure
University staff members set up a portable computer lab and collected data in a room reserved at each school. The computer lab included eight IBM ThinkPad laptop computers with 15-in. LCD color monitors. A standard two-button mouse was connected to each laptop. On the day of data collection, 8 students in a classroom were randomly selected from among those who had consented to participate. The 8 students were escorted to the temporary computer lab to complete both paper and computer-based assessments. A paper survey only was administered to those students who had consented but were not selected to complete the computer tasks.
The assessments were administered in a set order: first, paperand-pencil word association tasks; second, the computer-based SOPT; and third, a paper-and-pencil questionnaire for drug use and covariates. Instructions for the SOPT were displayed on the computer screen and read out loud by the data collectors (see Measures section for task details). After completing the assessments, the students were thanked for their participation and they returned to their normal classrooms.
Data Analysis
Testing the interaction models was completed in two steps (Aiken & West, 1991; Cohen, Cohen, West, & Aiken, 2003 ). First, we tested the data for quadratic effects using a global comparison of the effects sizes (R 2 values) between models with and without quadratic terms. Covariates included age, gender, ethnicity, acculturation, and the school attended. The interaction variables included WMC and drug-related associations, and these variables were centered on their means before generating higher order terms. Models were individually tested for the frequency of alcohol or cigarette use as the dependent variables. In the second step of model testing, we evaluated linear by linear models of the interactions using multiple regression analyses.
Results
Descriptive statistics for the variables are shown in Table 1 (see discussion in the Participants section). Note that WMC data were successfully collected from groups of students using the mobile computer lab.
The global test comparing a full quadratic model to a linear by linear interaction model was nonsignificant for alcohol use, F(4, 134) ϭ 0.21, p ϭ .93, and for cigarette use, F(4, 134) ϭ 2.18, p ϭ .07. Based upon these results, there were no quadratic effects and all subsequent analyses were conducted on the linear by linear interaction model.
The interaction terms were nonsignificant in the regression model for alcohol use ( p Ͼ .05) and for cigarette use ( p Ͼ .05) using ordinary least squares (OLS) estimation methods. The residuals for the interaction models were not normally distributed, however, violating one of the assumptions for OLS estimation (Kolmogorov-Smirnov p Ͻ .01). For nonnormal residuals, Cohen et al. (2003) recommended using robust estimation methods such as M estimation and least trimmed squares (LTS) estimation. Both robust procedures produced statistically significant interaction parameters for the alcohol ( p Ͻ .05) and cigarette use ( p Ͻ .05) models. The parameters from the robust LTS estimation are described below.
The model parameters for alcohol use are shown in Table 2 . Gender, age, acculturation, ethnicity, and school attended were not significant predictors of alcohol use (all ps Ͼ .05). The SOPT score ( p Ͻ .01), associative memory ( p Ͻ .01), and the interaction term ( p ϭ .02) were significant predictors of alcohol use. Note that main, additive effects for WMC and associative memory may not be inferred from the first-order terms in the regression model when the interaction term is statistically significant and the first-order effects are conditional on the interaction (Cohen et al., 2003) . The model accounted for 36.6% of the variance, and the interaction term accounted for 0.40% of the variance. Figure 1 shows the relationship between the self-reported frequency of alcohol use as a function of alcohol-related associations (x-axis) and SOPT score, which was plotted for three values, including the mean and the mean Ϯ1 SD. The simple slopes increased with decreasing SOPT scores, showing that alcohol-related memory associations were a better predictor of alcohol use among those lower in WMC than among those higher in WMC.
The cigarette model results were slightly different from those found in the alcohol model. First, the covariates school attended ( p Ͻ .05) and gender ( p Ͻ .01) were significant in the cigarette Note. Continuous predictor variables were centered on their means to obtain the (nonstandardized) parameter estimates (B); SOPT ϭ selfordered pointing task.
model but not the alcohol model. Second, the first-order SOPT term was not a significant predictor in the cigarette model, whereas it was in the alcohol model. The interaction term, however, was significant in both the full alcohol and cigarette models. The cigarette model explained 44.5% of the variance overall, and the interaction term explained 3.2% of the variance. The graph of the interaction effect for cigarette use was similar to the graph of the alcohol model in one key aspect. The simple slopes increased with decreasing SOPT scores, revealing that cigarette-related associations were a better predictor of cigarette use among those lower in WMC than among those higher in WMC.
Discussion
This is the first study to evaluate the interaction between working memory and drug-relevant memory associations in the prediction of substance use. As anticipated, these data from at-risk adolescents reveal that drug-related associations are stronger predictors of alcohol and cigarette use among those with lower WMC than among those with higher WMC. The models explain a sizable amount of the variance: 37% for alcohol use and 44% for cigarette use. However, the proportion of variance explained by the interaction terms is small, as often expected in similar field research incorporating interaction effects (McClelland & Judd, 1993) . Nevertheless, the interaction findings in the current study are consistent with dual-process theories and with the hypothesis that higher WMC moderates the effects of spontaneous drug-related associations (e.g, Barrett et al., 2004; Stacy et al., 2004) . Further, virtually identical results have been recently replicated in a related study among at-risk adolescents in The Netherlands, in which a very different reaction time measure of associations was used (Thush et al., 2008) .
The formation and strengthening of drug-relevant memory associations may result from direct drug-use experiences or from vicarious learning, and these associations appear to influence behavior spontaneously with or without conscious deliberation (Barrett et al., 2004; Wiers & Stacy, 2006a) . Higher WMC has the potential to be protective through one or more mechanisms: inhibiting the acting out of associative responses, holding and considering conflicting goals in active memory, retrieving relevant information from long-term memory, and applying one or more cognitive processing strategies to successfully resolve conflicting goals (Barrett et al., 2004) .
Although further replication of the present findings is needed, the results of this study have important implications for the design of prevention program components. It may be possible to tailor program components (e.g., training of working memory; see Olesen, Westerberg, & Klingberg, 2004) for individuals with lower WMC to improve attentional resources in situations in which strong implicit associations are activated by drug-use cues. A second approach might be to intervene at the level of the spontaneous drug-related associations (Wiers et al., 2006) by creating new associations, for example, in long-term memory between certain drug abuse prevention materials and contexts associated with drug use. Then program materials are more likely to be spontaneously activated in memory when an individual is confronted with strong drug use cues (Stacy et al., 2004) .
There are several limitations in this study. First, the crosssectional data limit causal inference for the direction of the interactions in the current models. Second, generalizations of the findings are limited to similar groups of at-risk adolescents. Third, although it makes theoretical sense, we cannot confidently conclude that WMC specifically is moderating the influence of drug associations on drug use because the SOPT assesses other executive functions to some minor degree, such as planning and organization, in addition to WMC (Ross et al., 2007) . Future research that uses multiple measures of WMC and measures of other executive functions could clarify this issue. Nevertheless, this study provides important insights into the interaction of deliberative and automatic cognitive processes in adolescent risk behaviors. Figure 1 . Plot of the interactions between working memory capacity (WMC) and drug-related memory associations in the prediction of the frequency of alcohol use (top graph) and the frequency of cigarette use (bottom graph). Self-ordered pointing task (SOPT) score is plotted at the mean (Mean SOPT score), the mean plus 1 SD (High SOPT score), and the mean minus 1 SD (Low SOPT score).
